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Background and Objective: Cystatin C is indicated to be involved in the pathogenesis
of Alzheimer’s disease (AD) and cognitive impairment. Our objective is to examine the
serum Cystatin C levels, and to clarify the correlations between serum Cystatin C and
cognitive performance in Chinese AD patients.

Methods: The serum Cystatin C concentrations in AD patients and age, sex, and body
mass index (BMI) matched-healthy controls were measured. The cognitive functions of
the AD patients were evaluated by using the Mini-mental State Examination (MMSE) and
the Montreal Cognitive Assessment (MoCA). The severity of dementia was determined
with clinical dementia rating (CDR).

Results: A total of 463 AD patients and 1,389 matched healthy subjects were included.
AD patients had higher serum Cystatin C than healthy controls. Serum cystatin C levels
were correlated with MoCA scores in AD patients. In an ordinal logistic regression
model, AD patients with higher serum cystatin C levels had increased odds of severe
cognitive dysfunction.

Conclusion: Our study suggested that AD patients had higher levels of serum cystatin
C than age/sex/BMI-matched normal control subjects. Higher serum cystatin C may be
associated with worse cognitive performance, but more studies are required to verify
such association.
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INTRODUCTION

Cystatin C is highly expressed in the brain and cerebrospinal fluid (CSF) (Lofberg and Grubb,
1979), and it is indicated to play many roles in the risk and pathobiology for Alzheimer’s disease
(AD) (Taupin et al., 2000; Palmer et al., 2001; Gauthier et al., 2011). Genetically, the CST3 B
haplotype of cystatin C was considered to be a risk factor for AD, frontotemporal dementia (FTD),
and Lewy body dementia (LBD) (Finckh et al., 2000; Bertram et al., 2007; Maetzler et al., 2010; Hua
et al., 2012). Clinically, in patients with FTD and LBD, a reduction of CSF cystatin C was found,
and it was associated with an anticipation of dementia onset (Riietschi et al., 2005; Sundel6f et al.,
2008; Maetzler et al., 2010).
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Specifically, in patients with AD, cystatin C levels in CSF
were found to be reduced, compared to individuals without
dementia (Simonsen et al., 2007; Hansson et al., 2009; Zhong
et al,, 2013), and CSF cystatin C levels were positively correlated
with tau and AP levels (Sundel6f et al., 2010; Zhong et al., 2013).
However, another study found increased cystatin C levels in
CSF of AD patients compared to those in controls (Carrette
et al., 2003). In plasma, a study found that AD patients had
higher plasma cystatin C levels than healthy control subjects
(Wang R. et al, 2017). The association of serum cystatin C
with risk of mild cognitive impairment (MCI) or dementia was
inconsistent. The Health ABC Study showed that high levels
of serum cystatin C increased the risk of cognitive impairment
and individuals with higher levels of cystatin C had poorer
performance on cognitive examinations (Yaffe et al., 2008). In
contrast, the Uppsala Longitudinal Study found that high levels
of serum cystatin C were related to a decreased risk of AD in men
aged between 70 and 77 years-old (Sundelof et al., 2008), and a
study also found that MCI patients with higher serum cystatin C
levels remained stable, without developing to dementia (Romero-
Sevilla et al., 2018). Moreover, the Osteoporotic Fractures study
reported a U-shape association between serum cystatin C and
cognitive impairment in elderly women, but the association no
longer existed after adjusting for covariates (Slinin et al., 2015).
However, there is no study focusing on the association of serum
cystatin C levels with cognitive performance in AD patients.

In this study we are aiming to examine the levels of serum
cystatin C in AD patients and compare to those in matched
healthy subjects, and trying to determine whether serum cystatin
C levels are associated with the severity of the dementia.

MATERIALS AND METHODS

Patients and Ethics Statement

This study was performed at the Department of Neurology,
Sichuan University West China Hospital, Chengdu, China.
From Jan 2014 to Dec 2019, a total of 463 patients with
probable AD were enrolled. The diagnosis of AD was based
on the criteria issued by the National Institute of Neurological
and Communicative Disorders and Stroke-Alzheimer’s Disease
and Related Disorders Association (NINCDS-ADRDA) The
individual, semistructured interviews were conducted with
participants and their close informants. Demographic data,
including sociodemographic characteristics, lifestyle, medical
history, current medications, and family history, were collected.
Clinical data related to cognitive impairments, including time
of onset, possible triggers, course of condition, impact on daily
activities, changes in mood or behavior, and treatment and
its effects, were also recored. Last, standardized general and
neurological examinations were performed. The diagnoses were
made at the end of each interviews according to the NINCDS-
ADRDA criteria (McKhann etal., 1984). AD patients participated
in the standardized assessments, including the Mini-mental
State Examination (MMSE), the Montreal Cognitive Assessment
(MoCA), and magnetic resonance imaging (MRI). AD patients
with MMSE score higher than 25 were excluded. A total of 1,389
healthy controls (HCs) were also recruited from the Medical

Examination Centre of West China Hospital, and they were
3:1 and age/gender/body mass index (BMI)-matched to the AD
patients. The HCs also received MMSE and MoCA evaluation.
Since MMSE has shown not to be adequate in detecting MCI
and clinical signs of dementia, and MoCA is superior to MMSE
in the identification of MCI (Pinto et al, 2019), HCs with
MMSE score higher than 25 and MoCA sore higher than
22 were included in the present study. Participants, including
both AD patients and HCs, who were diagnosed with vascular
dementia (VaD), cardiopathy, hypertension, diabetes mellitus,
and renal dysfunction, were also excluded. All participants
underwent hematological examinations considered to be part
of the diagnostic workshop. Peripheral blood samples from the
cubital vein were acquired from each AD patient and HCs.
Samples were taken by venipuncture, performed between 9:00
and 11:00 a.m., after fasting from midnight. The blood specimens
were left at room temperature for 30 min to clot and centrifuged
for 10 min at 1,200 g. The cystatin C levels were measured by
the automated particle-enhanced immunoturbidimetric method,
and the measurement were completed in the Olympus AU5400
analyzer (Olympus, Tokyo, Japan) using the manufacturer’s
reagents and according to the manufacturer’s instructions. The
quality of all analyses was assured by appropriate quality
control. The kidney function was evaluated using the estimated
glomerular filtration rate (eGFR); the calculation of eGFR was
completed using the abbreviated Modification of Diet in Renal
Disease (MDRD) formula, recommended by K/DOQI as the
preferred equation for eGFR (Lameire et al., 2006). When eGFR
was 60/mL/min/1.73 m? or less, an impaired renal function was
considered. DNA was isolated from blood cells. Samples were
amplified by polymerase chain reaction (ABI 7500 FAST, Applied
Biosystem, Thermofisher, Waltham, USA). APOE haplotypes
were determined according to the manufacturer’s instruction
with the use of ViennaLab ApoE Strip Assay (Memorigen,
Xiamen, China).

This study was approved by the Ethical Committee of
West China Hospital of Sichuan University. All AD patients
and control subjects gave their written informed consent to
participate in the investigation.

Clinical Evaluation

The following variables were collected: age of onset, sex,
BMI, education level, frequent physical activity, smoke, and
alcohol consumption. The Clinical Dementia Rating (CDR) is
an informant-based global assessment scale with established
reliability and validity, and it is utilized as a severity-ranking scale
in AD patients in the present study. The cognitive performance
was rated in six domains: memory, orientation, judgment and
problem solving, community affairs, home and hobbies, and
personal care. Each domain is rated according to one of five
levels of impairment, and the cognitive dysfunction was defined
as follow: mild (CDR = 0.5 or 1), moderate (CDR = 2) and severe
(CDR = 3).

Statistical Analysis
Comparisons of continuous variables between two groups
were made using Student’s t-test. The Kolmogorov-Smirnov
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test was applied in all continuous variables to verify the
presence of normality. A 2 test was used to compare the
categorical variables. One-way ANOVA was performed for three
group comparisons of normally-distributed continuous variables.
Pearson’s non-parametric correlation was applied to investigate
the existence of linear association of the serum cystatin C
levels and eGFR values to the cognitive performance. The
association between cystatin C levels with CDR grading was
assessed using ordinal logistic regression model, which was used
to predict the CDR stage using serum cystatin C levels in a single
model, potential confounders, including age of onset, sex, disease
duration, and carriage of the APOE4 allele were allowed in the
analyses. This method makes the parallel regression assumption
for all variables across the grading of CDR stage. All data
were presented in the form of mean £ standard deviation, and
they were analyzed using SPSS 17.0. A p-value of <0.05 was
considered to be statistically significant.

RESULTS

This cross-sectional study included 463 AD patients [231 males
(49.9%) and 232 (50.1%) females], and 1,389 healthy subjects
[693 males (49.9%) and 696 females (50.1%)]. The MRI scan
supported the diagnosis of the included AD patients, who had
medial temporal 146 lobe atrophy, and the Fazekas scale of white
matter lesions was <2. The mean age at examination of the
AD patients and HCs were 69.00 &+ 11.31 and 69.08 £ 11.28
years, respectively. Serum cystatin C levels in AD patients were
significantly higher than those in normal subjects (1.034 & 0.254
vs. 1.010 & 0.248, p = 0.0362). The cognitive performances
evaluated by MMSE or MoCA were poorer in AD patients
compared to those in HCs (Table 1).

In order to determine the association between serum cystatin
C levels and cognitive impairment, we stratified the cohort based
on the CDR grade (mild CDR = 0.5 or 1, moderate CDR =
2, severe CDR = 3). The one-way ANOVA analyses showed
that the serum cystatin C levels were not significantly different
among AD patients with different severities of dementia (p =
0.6588). In addition, the correlation analyses were utilized to
investigate the correlations between serum cystatin C levels and
cognitive performance assessed by MMSE and MoCA (Table 2),
and a significant correlation between serum cystatin C levels and
MoCA scores was identified (r, = —0.1326, p = 0.046). However,
the correlation analyses showed that serum cystatin C levels were
not correlated to the cognitive performance in HCs (MMSE: ry =
—0.09827, p = 0.1728; MoCA: ry = —0.1455, p = 0.0798). Serum
cystatin C levels was also found to be significantly associated with
age at examination in both AD patients and HCs (AD patients: r,
= 0.4869, p < 0.0001; HCs: rs = 0.5033, p < 0.0001). The ordinal
logistic regression stratified by CDR grade was conducted, and
the results of the model for predicting CDR grade using cystatin
C level showed age at onset, sex, disease duration and presence
of APOE &4 allele were not significant risk factors in this model.
However, serum cystatin C levels were slightly associated with
severity of cognitive impairment (OR = 1.438, 95% CI 0.017-
2.858, p = 0.047). With regard to the cognitive predictors, AD

patients with a 1-point increase in cystatin C levels were 48%
more likely to have a higher CDR grade, indicating the AD
patients with higher cystatin C levels may have increased odds
of severe cognitive dysfunction.

DISCUSSION

Cystatin C, a cysteine protease inhibitor, is produced by most
nucleated cells and present in all body fluids. In the present
study, we found that serum cystatin C levels were increased in
AD patients than healthy controls, which was supported by some
studies (Straface et al., 2005; Wang R. et al., 2017). In contrast,
a previous study reported that the plasma cystatin C levels were
lower in AD patients than in controls (Chuo et al., 2007), and
another studies did not find significant differences in plasma
cystatin C levels between AD patients and healthy controls
(Kdlman et al., 2000; Ghidoni et al., 2010; Zhong et al., 2013).
Plasma cystatin C was also indicated to modulate the clinical
expression of cognitive decline; a significant anticipation of the
conversion to dementia was observed in MCI subjects, when
the detected plasma cystatin C levels were below 1,067 ng/ml
(Ghidoni et al., 2010). Such discrepancy may be caused by the
differences in sample sizes, characters of participants and genetic
backgrounds. To our knowledge, the current study included the
largest sample to determine the difference in serum cystatin C
levels between AD patients and healthy subjects.

Cystatin C is an inhibitor of cathepsins. Cathepsin D is
suggested to be involved in the pathogenesis of AD, and the
cathepsin D level is increased in AD patients (Nixon, 2000). The
increase of this cathepsin-inhibitory enzyme in AD patients may
represent a compensatory activity aimed at counteracting the
increased presence of cathepsin D. Cystatin C levels were also
increased in response to injury and oxidative stress (Finckh et al.,
2000; Nishio et al., 2000). In the central nervous system (CNS),
cystatin C can protect neuronal cells from degeneration induced
by fibrillar and oligomeric AB (Tizon et al., 2010). Co-incubate
cystatin C with monomeric AB42 can attenuate the formation
of AP oligomers and protofibrils (Sastre et al., 2004; Selenica
et al., 2007), and increase the cystatin C expression can reduce
parenchymal AP load in CNS (Kaeser et al., 2007; Mi et al., 2007).
In addition, the peripheral production of AP can be derived
from peripheral organs and tissues, including various blood and
endothelial cells (Wang J. et al., 2017). The accumulation of A
deposits in the peripheral system may stimulate the expression
of cystatin C. However, the exact mechanism of increased serum
cystatin C in AD patients is not clear. We have to notice that the
serum cystatin C is cleared from the circulation by glomerular
filtration, and it can be affected by renal function, but the increase
of serum cystatin C level in AD patients cannot be simply
attributable to the changes of renal function since we did not
find any difference in eGFR between AD patients and controls.
Furthermore, ANCOVA adjusting for eGFR showed consistent
result of significantly higher serum cystatin C levels in AD
patients. The findings of the association of serum cystatin C with
cognitive impairment were inconsistent: one study did not find
any associations in AD patients (Zhong et al., 2013), but another
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TABLE 1 | Demographic and clinical characteristics of patients with AD and healthy controls.

Characteristics AD (n = 463) Controls (n = 1,389) p-value
Male, n (%) 231 (49.9) 693 (49.9) 1
Age at examination, yr 69.00 £+ 11.31 69.08 £+ 11.28 0.9016
BMI 22.36 + 3.63 22.58 + 3.89 0.8321
eGFR (ml/min) 101.13 £ 21.16 104.76 £ 19.53 0.5961
APOE 4 allele carriers (%) 33.48%

Serum cystatin C (mg/l) 1.034 £ 0.254 1.010 £ 0.248 P = 0.0362
MMSE 15.92 £7.33 27.18 £3.23 p < 0.001
MoCA 10.33 £ 6.45 2498 +1.13 p < 0.001
Age at onset, yr 67.58 £ 10.12

Disease duration, mo 17.61

CDR staging (0.5 or 1/2/3) 148/163/152

MMSE according to CDR staging
MoCA according to CDR staging

22.88 4+ 2.93/15.47 £ 3.29/6.68 + 3.33
17.65 + 4.22/10.19 4 3.35/6.25 + 2.85

yr, year; mo, month; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment (MoCA); CDR, clinical dementia rating. The meaning of the bold values is P < 0.05.

TABLE 2 | Correlations of serum cystatin C levels and eGFR values with cognitive
performance.

Serum cystatin C eGFR values

r p-value R p-value
MMSE —0.08484 0.1496 —0.03495 0.6295
MoCA —0.1326 0.0460 —0.1282 0.1230

The meaning of the bold values is P < 0.05.

study found a significant correlation between serum cystatin C
levels and MMSE scores in female AD patients (Wang R. et al,,
2017). In the current study, we found that serum cystatin C levels
were negatively associated with cognitive function assessed by
MoCA, higher serum cystatin C levels were weakly related to
poorer cognitive performance. In addition, we found a significant
positive correlation between serum cystatin C and age in both
AD patients and healthy subjects. Previous studies also found this
association in AD patients (Chuo et al., 2007; Zhong et al., 2013).
Therefore, the association between serum cystatin C and age
is not disease-specific. Since age is the biggest risk factor
for AD (McCartney et al., 2018), we compared the age-at-
examination among AD patients with different CDR score,
but the differences in age-at-examination were not significant
in patients with different level of cognitive dysfunction. We
also compared the serum cystatin C levels among AD patients
with different severity of dementia, and we did not find any
differences in serum cystatin C levels among patients with mild,
moderate, or severe dementia evaluated by CDR. However, using
ordinal logistic regression models, we found that serum cystatin
C levels were slightly associated with cognitive dysfunction;
patients with higher cystatin C levels had increased odds of
severe cognitive impairment. Similarly, a previous study found
that among community-resident elders, those with increased
serum cystatin C levels had poorer performance in cognitive
tests evaluated by the Modified Mini-Mental State Examination
(3MS) and the Digit Symbol Substitution Test (DSST) (Yaffe

et al., 2008). Another study also evaluated the cystatin C levels
in 193 participants older than 90, and found that higher tertiles
of cystatin C was related with poorer global cognition, executive
function and visual-spatial ability (Lau et al., 2020). Similarly,
the Cardiovascular Health Study Cognition Study reported that
high serum levels of cystatin C were related to poorer cognitive
performance 6 years later (Riverol et al., 2015). However, the
results of previous studies that correlated cystatin C with AD
required careful interpretation. First, the association between
cystatin C and cognition may underscore the connection between
kidney function and cognitive function. Studies have shown
that subjects with renal dysfunction had an elevated risk of
developing dementia and poorer performance on cognitive
function (Seliger et al., 2004; Martens et al., 2017). Cystatin
C was found to be associated with cognitive performance in
90+ year-olds; among them nearly 90% had cystatin C levels
more than 1.0, indicating that the kidney function is impaired.
Further study also gave 308 individuals aged 90 or older a PET
scan and obtained the brain indices of AP deposition using a
statistically defined region of interest (statROI), and found that
PET statROI was not correlated with cystatin C and eGFR,
indicating an independent association between cognition and
chronic kidney disease (CKD), and the CKD-associated cognitive
dysfunction largely reflects vascular rather than AP pathology
(Lau et al., 2021). Second, the correlation between serum cystatin
C and cognitive function may not only depend on kidney
function. In the present study, no significant differences in eGFR
were found among patients with different degrees of dementia
stratified by CDR grade, and the eGFR values were not associated
with cognition evaluated by MMSE and MoCA. In addition, a
previous study also found that elders with high serum cystatin C
levels had higher risks of cognitive impairment whether or not
they had CKD (Yaffe et al., 2008).

There are some limitations in the present study which should
not be ignored: (1) the genetic CST3 genotypes were not
considered; (2) the results of the present cannot be extrapolated
to other populations since our patients were recruited from a
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single specialized unit. On the other hand, some of the strengths
of our study are the strict inclusion criteria, the examination of
APOE genotype, and the fact that the specialized neurologists
conducted all the data collections and manifestation assessments.

CONCLUSION

In summary, the findings of the current study support the
idea that cystatin C plays an essential role in the pathogenesis
of AD. Our results suggest AD patients had higher levels
of serum cystatin C when compared to age/sex/BMI-matched
normal controls, and higher serum cystatin C levels were weakly
associated with worse cognitive performance in AD patients.
Our findings strengthen the evidence that serum cystatin C may
be involved in modulating the clinical expression of cognitive
decline. Further longitudinal studies in larger cohorts and
distinct ethnic groups will be needed to validate our findings, and
to determine the mechanisms underlying this association.
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